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I. Introduction
The field of finance is missing an important chapter which examines how thoughts and behaviors in assets markets are contagious (Hirshleifer and Teoh (2008) ). The recent financial turmoil in 2008 involving credit derivatives revealed that the convenient features of derivatives may encourage excessive speculation. Such speculation can ultimately lead to a destabilization of financial markets.
Our goal in this study is to test whether speculative trading in the derivatives market is contagious to speculative trading in the stock market. Existing behavioral theories model speculative behaviors where short sales of assets are constrained and investors hold heterogeneous beliefs about an asset's fundamentals (Miller (1977) , Harrison and Kreps (1978) , and Scheinkman and Xiong (2003)). Xiong and Yu (2010) have reliably documented speculative behavior in the Chinese warrants market. In complement to Xiong and Yu (2010) ，our study illustrates that speculation in the Chinese warrants market can be spilled over into the underlying stock market.
The other purpose of this paper is to identify potential channels of explanation of speculation spillovers. We propose that speculation spillovers can be explained by the story of limited attention. Huberman and Regev (2001) argue that investor inattention may explain contagious speculation.
While Huberman and Regev (2001) investigate contagious speculation across stocks in one industry, we document the contagious speculation from derivatives markets into the underlying stock markets.
We empirically investigate how limited attention explains contagious speculation. Our paper contributes to the literature by demonstrating that a potential mechanism through which the speculation is spilled over comes from a behavioral perspective.
Our findings are summarized as follows. First, we present evidence of the existence of speculation spillovers by examining the effect that warrant speculation has on stock turnover and stock return volatility. This paper adopts unexpected warrant turnover (turnover controlling for liquidity and time series pattern of warrant turnovers) and warrant overpricing (the implied price difference (IPD)) as proxies for warrant speculation. Here, we use the Black-Scholes option pricing model and the option GARCH model, respectively, to derive IPD.
We find strong evidence that stock turnover is positively associated with previous day's unexpected turnover of warrants. The results are robust when we replace stock turnover with stock volatility as the dependent variable or when we replace previous day's unexpected warrant turnover with previous day's IPD as the independent variable in the regression models. Furthermore, our results in the original and alternate regression specifications remain the same when we control for warrant characteristics (put dummy, covered dummy and duration), stock market capitalization, stock liquidity, market turnover (market volatility) and industry effect. We call the positive association mentioned above 'speculation spillover'.
Our findings are robust when we sample the deep-out-of-the-money put warrants in the same way that Xiong and Yu (2010) did. We find that stock trading is more intense when warrant speculation is more severe. Additionally, we use A-B share premium and A-H share premium to replace stock turnover (volatility) to run our test again 1 . The results confirm the existence of contagious speculation between the warrants and the stock markets.
What is the nature of the spillover effect in the stock market? We further show that the speculation spillover effect is stronger when the number of outstanding shares of stocks is smaller, or when the stock market is driven by optimistic beliefs. Hong, Scheinkman and Xiong (2006) argue that an optimism effect and a resale option effect both exist in a stock bubble. They predict that a stock bubble becomes larger when the asset float is smaller and when conditions of heterogeneous beliefs and short-sale constraints are met. Our results suggest that the speculation spillover imparts a bubble component in stocks.
We propose several potential mechanisms of speculation spillovers. We empirically show that speculation spillover may be due to limited investor attention in China's stock market. Investors trading the underlying stocks may be attracted to events in the warrants market. In order to measure limited attention, we use warrant media coverage, extreme price change, and extreme volume in warrants as variables. We find that when the attention level in warrants is high, the speculation spillover effect is more profound.
The speculation spillovers could also be the result of information transmission and hedging ((Back (1993) , Stein (1987) ). Using the probability of information-based trading (PIN) measure developed by Easley, Hvidkjaer and O'Hara (2002) as a proxy for private information arrival, we
show that the PIN measure of warrants has no significant impact on the speculation spillovers in any specification. We also calculate the change in hedge ratios and investigate whether speculation spillover is more intense when hedging is more active. Our evidence suggests that hedging is not a source of speculation spillover. In summary, our results suggest that information transmission and hedging motives have little impact on the speculation spillover effect from warrants to stocks. This study corroborates existing studies by highlighting investor irrationality as the critical driver of asset market dynamics. There have been theoretical frameworks (Sims (2003) , Hirshleifer and Teoh (2003) , Peng and Xiong (2006) ,) and empirical studies (Barber and Odean (2008) , Hou, Peng, and 1 A-shares, which can only be held by domestic investors, and B-shares, which can only be traded by foreigners, have identical rights. Therefore, the A-B share premium largely captures the non-fundamental component. A-B share premium can also help explain speculative motives by trading (Mei, Scheinkman, and Xiong (2009), Hwang, Zhang and Zhu (2006) ). Therefore, additional evidence along this line of speculation measure is A-B (-H) premium (the price difference between the dual-class shares A-B (A-H) shares). Xiong (2009 ), Yuan (2008 ) that suggest that limited attention affects returns. Recent work by Menkulasi (2009) outlines a theory, and a paper by Brandt, Brav, Graham and Kumar (2010) provides empirical evidence showing that limited attention has a significant effect on volatility changes. In addition to the aforementioned studies, we show that the effect of investor behavior is not necessarily contained in one market, but can be contagious to other markets as well.
The rest of the study proceeds as follows. In the next section, we describe the institutional background of China's warrants market. Section III presents the theories and related hypotheses on speculation spillovers and potential causes of spillovers. Section IV describes the empirical models, variables and data. Section V is the empirical analysis. Section VI checks for the robustness of the analysis, and Section VII concludes the paper.
II. Institutional Backgrounds
China's stock market was established around 1992, 2 while derivatives appeared much later.
The establishment of China's warrants market traces back to August 2005 when the first warrant, BaoGang JTB1 (trading code 580000.SH), was issued. As the first derivative product in China's financial markets, warrants quickly become a favorite target for speculators. Less than three months later, on December 6, 2005, the total value of warrants transacted reached 10.18 billion Yuan with only six warrants issued. The total trading volume of more than 1,300 listed stocks was just 7.89 billion Yuan on the same day. In the first year after being issued, NanHang JTP1 (580989.SH) had a trading volume of 2,391.2 billion Yuan which is nearly 10% of China's GDP.
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Short sale restrictions and the lack of other financial instruments make attempts to arbitrage price deviations from fundamentals extremely difficult, if not impossible, in China's stock market.
Limited arbitrage opportunities prevent rational arbitrageurs from profiting on trades against noise traders.
Individual investors who trade heavily are attracted by the speculative features of warrants but lack experience in using them. Reports show that more than 50% of accounts have annual asset turnover ratios that are higher than 500%, and are thus classified by stock exchanges as dangerous or extremely risky. In our sample, the median of daily warrant turnovers is 0.540, or 10800%
annually. This is much higher than the median of daily stock turnovers of 0.025, or 500% annually.
In China's warrants market, covered warrants are issued by an investment bank or a similar financial institution, and investors are allowed to buy or sell a specific amount of equities from the issuer at a specific price and time. In contrast to covered warrants, equity warrants are standard warrants issued by firms. Under a controversial rule, a covered warrant is traded under the same trading code as its corresponding equity warrant.
To summarize, China's warrants market is a highly speculative market where individual investors are the dominating players. The warrant was the first equity derivative in China's capital markets, and many investors do not fully understand the nature of warrants. As a retail-dominated market that has limits to arbitrage, the warrants market provides us with an opportunity to directly study the impact of speculation on the underlying market.
III. Literature and Hypotheses

Speculation Spillovers
Given the traditional argument that rational speculators stabilize asset prices, there are theoretical models that address the question of destabilizing speculation in financial markets. Stein This misinformation effect can result in more noise in stock prices.
In related literature, speculative trading has been associated with recent financial bubbles. By ruling out short sales, Harrison and Kreps (1978) demonstrate that asset prices may exceed their fundamental value when agents disagree about the probability distributions of dividend streams.
Scheinkman and Xiong (2003) later attribute overconfidence as a source of disagreement that can cause bubbles in asset prices. Given the challenging task of measuring asset fundamentals, there is a limited amount of empirical studies on speculative trading. One existing empirical study by Xiong and Yu (2010) uses the unique characteristics in China's warrants market to document the greater fool theory, reliably creating a sample with warrants' fundamental values of zero. Inspired by Xiong and Yu (2010), we further investigate whether a warrants bubble potentially fuels the speculation of underlying stocks.
Regarding speculation spillover, Huberman and Regev (2001) focus on the existence of contagious speculation among different stocks in one market. They provide an illuminating example of investor inattention in the case of a single biotechnology firm, EntreMed. Our paper is different from Huberman and Regev's (2001) paper in that we are the first to empirically investigate contagious speculation from derivatives into the underlying stock markets.
This paper argues whether warrant speculation has an impact on stock speculation. Different from previous literature that focuses on the introduction effect of derivatives on the underlying assets 4 , we are interested in the impact of warrants speculation on stock trading behavior. Theoretical models predict that the magnitude of a price bubble is positively correlated with turnover (Scheinkman and Xiong (2003) and Hong, Scheinkman and Xiong (2006) ). If there is a speculation spillover effect, we expect to see that speculation in the warrants market, measured by warrant turnover, will be spilled over to the stock market and results in higher stock turnovers.
Speculation Spillover Hypothesis I: Higher speculative stock trading is associated with higher warrants speculation.
Regarding the nature of speculation spillovers, we further discuss that speculation spillovers impart a bubble component in stocks. Hong, Scheinkman and Xiong (2006) argue that when investors have heterogeneous beliefs and are short-sale constrained, the resale option component in stock prices decreases with the asset float. Harris and Raviv (1993) and Kandel and Pearson (1995) discuss that a dispersion of heterogeneous beliefs occurs when investors have different economic models that lead them to interpret the news differently. The complexity of warrants may also contribute to heterogeneous beliefs in stocks. If speculation is spilled over to the stock market, we expect the speculation spillover effect will be stronger when the asset float, number of tradable shares (float), is smaller.
Speculation Spillover Hypothesis II:
The speculation spillover effect is stronger when the stock has a smaller number of tradable shares.
Next, speculation spillovers are likely to be enhanced when investor sentiment is high. Harrison and Kreps (1978) show that in a dynamic setting, an optimistic investor is willing to pay more than his already optimistic value of asset fundamentals. This shows that the investor anticipates the possibility of reselling the asset in the future to even more optimistic investors.
Scheinkman and Xiong (2003) and Hong, Scheinkman and Xiong (2006) show that overconfident investors trade assets with each other under short-sales constraints.
China's stock market experienced a historical bull run from 2005 to mid 2007. In this period, the Shanghai Composite Index increased from 998 to 6,124 and reached the highest point in its history on October 16, 2007. The market quickly dropped after that, and by the end of our sample period in 2008, the index was around 2,736. We divide our sample into bull market and bear market periods, using October 16, 2007 as the cutting point. We expect to see that in a bull market, optimists may drive out pessimists more easily, resulting in higher speculation spillover.
Speculation Spillover Hypothesis III: The speculation spillover effect is stronger in a bull market than in a bear market.
Channels for Speculation Spillovers
How do speculation spillovers happen? Recent empirical evidence suggests that behavioral biases exist in derivatives markets (Heath et al. (1999 ), Poteshman (2001 , Horst and Veld (2008) , Haigh and List (2005) , Liu, Wang and Zhao (2010)). In addition to the causal factors of information and hedging, our study indentifies investor irrationality as another critical driver of assets market transmission. We illustrate the potential causes of speculation spillovers as follows.
We propose that limited investor attention is a behavioral bias that may drive speculation spillovers from warrants to the underlying stocks. Evidence from behavioral literature suggests that people often fail to incorporate all relevant information when they make decisions. Kahneman (1973) suggests that attention is a scarce cognitive resource, and investors have limited attention. Most empirical studies present a limited attention bias in trading decisions (Barber and Odean (2008) , Seasholes and Wu (2007) , Huddart, Lang and Yetman (2009)).
Recently, some papers show that limited attention has extensive effects on asset markets.
Specifically, these papers find that the under-reaction is more severe when there are more inattentive Furthermore, some studies argue that when investors pay too much attention to the markets, the effect of investor behavior on the prices can be exacerbated. Peng and Xiong (2006) combine speculation with investor overconfidence to show that limited attention underlies return co-movement. Hirshleifer and Teoh (2008) propose that limits to attention may pressure individuals to herd or cascade even when private and public information are available. Recently, Menkulasi (2009) offers a theory of time variation in the volatility of aggregate economic activity. Menkulasi shows that firms are limited in their ability to process information, and they allocate their limited attention across aggregate and idiosyncratic states. Brandt, Brav, Graham and Kumar (2010) provide empirical evidence that volatility changes around "attention-grabbing" events. Their findings are consistent with a retail trading effect that played an important role in the rise and the fall of the idiosyncratic volatility levels over the past two decades.
The warrant is the first type of derivative to be introduced into China's capital markets. Due to the extreme speculative behavior in the warrants market (Xiong and Yu (2010) (2008)). Such extreme events may happen more often in the warrants market than in the stock market. Therefore, we expect that speculation spillover is more profound in a sample with more investor attention in an individual-dominated market.
Attention Channel Hypothesis: There is stronger speculation spillover when there is more investor attention (media coverage, extreme warrant volume, and extreme warrant price range)
in the warrants market.
Information and hedging are other explanations for the association between warrant trading and stock trading suggested by theoretical models (e.g. Back (1993 ), Stein (1987 ). Informed traders might take advantage of the high leverage and low trading costs associated with derivatives.
Therefore, warrant trading may contain more information than stock trading. If information is a channel of speculation spillover, we should expect that speculation spillover will be mitigated with higher information dissemination.
Information Channel Hypothesis: There is less speculation spillover when there is more information dissemination in the warrants market.
Hedging is a potential channel of the speculation spillover effect because investors may use warrants to construct option-like strategies such as a protective put strategy. To hedge with such strategies, investors need to rebalance their position simultaneously in both stock and warrants markets. Therefore, if hedging is indeed the link between the stock market and the warrants market, there should be a stronger link between stock speculation and warrant turnover when hedging needs are intensified.
Hedge Channel Hypothesis: There is stronger association between unexpected warrant turnover and stock speculation when hedging needs are more active.
IV. Empirical Design
Empirical Model
Many economists believe that turnover plays a central role in generating speculative bubbles (Galbraith (1997) , Hong and Stein (2007) and Hong and Yu (2009) For each warrant, we also calculate the daily implied price differences (IPDs):
We choose two models to calculate the warrant theoretical prices. The first model is the Black-Scholes option pricing model. Most of the warrants are nominally Bermudan, but they are 5 Regarding volatility, Baele (2005) investigates volatility spillover from the aggregate European (EU) and U.S. market to 13 local European equity markets and finds evidence for a contagion from the U.S. markets to some European financial markets during periods of high world market volatility. Christiansen (2007) finds that there is a strong statistical evidence of volatility spillover from the US and aggregate European bond markets.
essentially European options, as they can only be exercised within five days of their maturity. Thus, we use the Black-Scholes option pricing formula to calculate theoretical prices. We define volatility as the standard deviation of daily stock returns in a 250 trading day period ending 10 days before the warrant announcement. 6 We also consider stochastic volatility in China's stock market and adopt an option GARCH model (Duan (1995) ) 7 as our second model. Noticeably, the option GARCH model sometimes cannot generate the theoretical prices. It is either due to the difficulty of estimating parameters of the GARCH process or due to the convergence problem of the pricing program. Any observation with a theoretical price below 0.05 pennies is excluded from our sample.
The average warrant's IPD BS is 1.36 in our sample, which means that on average, warrants are traded at prices 290% higher than their theoretical Black-Scholes prices. Our control variables are specified as covered dummy (covered) is set to 1 if the stock has a covered warrant and is set to 0 otherwise. The put dummy (put) is set to 1 if the stock has a put warrant and is set to 0 otherwise. Warrant duration (duration) is the time left to maturity for warrants (days/365). Stock market capitalization (stockcap) is calculated as the A-share stock price multiplied by the total tradable A-shares. Stock liquidity (liquidity) is measured by the bid-ask spread or the Amihud-illiquidity measure (Amihud (2002) ). The bid-ask spread is the daily average of intraday percentage-quoted spreads. Amihud-illiquidity is defined as the absolute daily stock return divided by the daily trading value in billions RMB. Market turnover (market turnover) is the total stock turnover of the market. Market volatility is the market median of stock volatilities. Industry dummies (industry) are included. The variables are in a daily basis.
Measurements of Channels.
Attention:
The attention variables that we adopt are defined as follows:
Media coverage: We use BAIDU news as our media coverage search engine. 8 For each warrant, we note the date when the warrant name appears in any news title. BAIDU news includes media coverage from traditional media such as newspapers and magazines, as well as web-based news media. In our sample, we find 620 warrant-days with media coverage. We consider the day of media coverage as the event day, and we define the media coverage window as the period [0, 1] and no coverage window as [-2,-1] . In a robustness check, we exclude any date when the underlying stock name also appears in a news headline. The results remain the same.
Extreme warrant volume:
In general, warrants have high trading volume. To highlight the attention effect, we focus on whether there are significant extreme changes in warrant trading volume.
For each day, we examine the difference between the previous day's warrant volume and the maximum daily warrant volume in the previous week: warrant volume (t-1)-max [warrant volume (t-2 to t-6)]. Next, we sort the stocks by their corresponding differences in warrant volume as defined above to compare the speculation spillover effect in the top 30% and in the bottom 30% groups.
Extreme warrant price change: Extreme intraday price changes attract investors' attention. We calculate the daily warrant price range ((the highest intraday price-the lowest intraday price)/the daily closing price) and sort the underlying stocks using the same method we used to sort extreme warrant volume.
Information:
Private Information: We use the measure PIN as a proxy for private information arrival. PIN is the probability of information-based trading developed by Easley, Hvidkjaer and O'Hara (2002) .
The likelihood function of the microstructure model in Easley, Hvidkjaer and O'Hara (2002) is estimated across every month using intraday warrant data. The estimation of the model's structural parameters can be used to calculate the probability that an order is from an informed trader, known as a PIN.
Hedging:
Hedging: We calculate the hedge ratio using the Black-Scholes formula, and we denote the absolute value of the daily change in hedge ratios as ∆ hedge ratio.
Data
The warrant data used in this study are provided by WIND, a commercial financial data provider. 9 The available information on warrant characteristics includes the following: the trading code of the underlying stocks, the date of warrant listing (or issuance), the expiration date of the warrant, whether the warrant is an equity warrant or a covered warrant, the call/put feature, the exercise price, and the stock exchange listed. Stock-related data are collected from the CCER 32 equity warrants and 18 covered warrants in total. For equity warrants, there are more call warrants (25) than put warrants (7). There are 10 covered warrants, and 7 of them have a call feature.
In Table 2 , we report the descriptive statistics of the variables used in our study. Normally, warrants issued by Chinese companies have one or two year maturities. Panel B of Table 2 shows that the average maturity of warrants in our sample is 1.3 years. Warrants exhibit a high turnover rate. On average, 65.4% of outstanding warrants are traded every day, whereas the daily turnover rate of the underlying A-shares is only 2.4%. Warrants also appear to be more volatile. We present two measures of volatility in Table 2 : the first one is the standard deviation of daily stock (or warrant) returns in the sample period, and the second one is the daily price range normalized by the daily closing price. In both measures, the volatility in warrants is much higher than the volatility in stocks.
The study also examines the change in stock turnovers (volatilities) around the introduction of warrants. 10 We choose the listing date as the event date and find that the industry-adjusted turnover of warranted stocks increases significantly in post-event periods. In the comparison between the pre-event and post-event periods, we observe evidence that the stocks are traded more frequently and are more volatile after the introduction of warrants. Are the increased trading and volatility of stocks associated with the corresponding warrants? We need further investigation.
V. Empirical Results
Is speculation spilled over?
10 The results are available upon request.
We document the existence of speculation spillover by investigating whether previous day's unexpected warrant turnover or overpricing have a positive impact on stock turnover and volatility.
Our main results are presented in are significantly positive in all specifications, suggesting that higher stock turnover is positively associated with lagged higher unexpected warrant turnover. For example, the coefficient of unexpected warrant turnover is 0.249 with a t-statistic of 7.433 in specification (1). The inclusion of control variables in specifications (4) and (7) In regard to the control variables, because the original intention of regulators for covered warrants was to increase the supply of warrants and mitigate speculation in the warrants market, we control covered warrants. However, the coefficients of covered are not statistically significant in most of the specifications, implying that covered warrants do not have a material impact on stock speculation. The coefficients of put show negative signs and that are all statistically significant, implying that put warrants may alleviate stock speculation. The coefficient of duration is significantly positive.
Both liquidity measures show negative signs. In specification (4), liquidity (bid-ask spread) has a coefficient of -6.223 with a t-statistic of -22.10, suggesting that large bid-ask spread results in lower turnover rates; this finding is consistent with previous literature. The Amihud illiquidity measure suggests a similar finding. We will only report the results of liquidity (bid-ask spread) in the later analysis, since the results are not sensitive to the liquidity measure used.
In Panel B, we use stock return volatility to replace stock turnover as the dependent variable, and 
. In other words, when the warrants have higher unexpected turnover rates, the corresponding stocks exhibit higher daily volatility; this is consistent with the results of Panel A. In summary, we demonstrate that warrant speculation could spill over to the underlying stock market.
This paper further confirms that speculation spillover is a bubble component in stocks in Tables 4   and 5 . In Table 4 , we construct an interaction between float and Unexpected Turn warrant (Unexpected IPD). We expect the sign of the interaction to be negative; by implying a larger float we expect to reduce speculation spillover. Our findings confirm that the speculation spillover effect is stronger when the market is driven by optimistic beliefs.
Our investigation suggests that the speculation spillover effect between the warrants market and the stock market is stronger when the underlying stock has a smaller float or when the market is optimistic in general. Warrants influence the speculative component of the underlying stocks.
Limited Attention Channel
There is a need to identify the drivers of speculation spillovers in financial markets, given the existence of contagious bubbles and crashes. To explore the potential causes of speculation spillover, we first identify situations where attention to warrants is either very high or very low. Then we re-run our main model in both situations. Finally, we compare the effects of speculation spillover across different levels of attention. Table 6 presents the results. In Panel A, we choose media coverage as the measure of attention.
We consider the day of and the day after the warrants appear in media coverage as situations where attention to warrants is high. Then, we compare the speculation spillover effect on those days to the effect on the two days before the media coverage. The results show that the coefficients of Unexpected Turn warrant (Unexpected IPD BS ) are significantly positive in both situations. However, the speculation spillover effect is stronger in the sample with media coverage. For example, in the Turn stock regression, Unexpected Turn warrant has a coefficient of 0.310 in the media coverage sample but only 0.126 in the no coverage sample. The difference is 0.184 and is statistically significant. We obtain similar results for most of the specifications. All the control variables have the same signs and similar significance levels as those in the main model.
Panel A of Table 6 suggests that the speculation spillover effect is stronger when warrants draw more attention due to media appearance. We acknowledge the possibility that the news about warrants is due to news about the underlying stocks. However, we verify that most of the warrant news is only about the warrants and not about the underlying stocks. In an unreported robustness check, we exclude the days when the underlying stocks' names also appear in news titles. Only a few observations are dropped, and the results are similar.
We also construct the variable, Extreme warrant volume, to capture the attention due to sudden jumps in warrant trading volume. Panel B of In summary, we find that the level of attention strongly affects the impact of warrant speculation on stock trading. Generally, when the attention level is high, the speculation spillover effect is more profound. The results suggest that investor irrationality in the warrants market can be contagious to the underlying stock market.
Information and Hedging Channels
Speculation spillovers could also result from information dissemination or hedging motives. In summary, Table 7 suggests that some information in warrants trading could be incorporated in stock trading. However, information does not serve as a mechanism of speculation spillover, since the speculation spillover effect is not sensitive to informed trading in warrants. In an unreported statistic, we find that the probability of informed trading in the warrants market is 4.7%, while the average PIN in the U.S. stock market is around 20%. This confirms that the warrant market is dominated by individual investors who may not possess information.
Regarding the hedging motive, we are interested in examining the impact of hedging on speculation spillovers. Hence, we add the interaction of Unexpected Turn warrant (Unexpected IPD BS )
and ∆ hedge ratio into the base model in Table 8 . This suggests that hedging needs do not necessarily change the impact of warrants turnover on stock turnovers. Here, the interaction of Unexpected IPD BS and ∆ hedge ratio is significant. This may be due to the large negative correlation between the two variables.
Information and hedging are less likely to have a significant influence because institutional traders account for less than 0.2% of warrant trading and the no-short-sale rule applies to both the stock market and the warrants market in China. 12 We suggest that warrants traders are individual investors who are less likely to pose private information and less sophisticated at hedging. The empirical evidence largely supports this.
VI. Robustness Check
We use a similar sample as the one used by Xiong and Yu (2010) to re-run the above analysis.
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The advantage of their sample is that there is no need for any information or hedging concern since many deep-out-of-the-money puts were traded at prices so high that they can be explained by irrational behavior. Additionally, the hedging need does not exist since the hedge ratio is zero for this 12 Source: Shanghai Stock Exchange.
13 In China's stock price, daily trades are imposed with price limited of 10% on the up and down of stock prices. In our sample of deep-out-of-the-money warrants, we include warrants with the Black-Scholes prices less than 0.05 pennies. However, if we consider the price limit on stock prices, the intrinsic value of the warrants are zero, since it is impossible that the warrant will be exercised with any value.
sample of put warrants. Here, we replace lagged unexpected IPD with the lagged warrant price. The results are shown in Table 9 . In this sample, the warrant turnover and the extent of warrant speculation are still positively associated with Turn stock . The warrant price is positively associated with Vol stock . In other words, when the linkage of information or hedging between two markets is irrelevant, we still observe a strong speculation spillover effect in the deep-out-of-the-money put warrants.
In another robustness test, we replace the dependent variable with A/B and A/H stock premiums, respectively. In China's stock market, some firms issue shares in A-share markets as well as in B-share or H-share markets. In our sample period, the B-share market is open to domestic investors.
However, the investors need to own a foreign currency account (i.e. USD account) to trade in the B-share market. The H-share market refers to the shares listed in the Hong Kong Stock Exchange.
Mei, Scheinkman, and Xiong (2009) consider the A/B share premium as a measure of stock speculation. We adopt a similar measure and also consider the A/H share premium. The results are reported in Table 10 . The speculation spillover still exists. For example, unexpected IPD still has a significantly positive sign in the A/H premium regression.
There are some observations that have higher theoretical prices than the market prices and exhibit negative IPDs. In an unreported test, we exclude the sample with negative IPD BS or IPD GARCH .
All of our results remain the same and are stronger in many occasions.
We consider the presence of autocorrelation and heteroskedasticity in the error terms and use the GMM procedure with the Newey-West standard errors. The results from the GMM procedure are similar.
VII. Conclusion
Behavioral biases have been found in both stock markets and derivatives markets. In this paper, we demonstrate that the behavioral bias can be contagious across markets; speculation in the warrants market spreads to the underlying stock market. Stock turnover (volatility) is positively associated with unexpected warrant turnover or warrant overpricing when controlling for other warrant and stock market characteristics such as the liquidity component embedded in turnover and the time series pattern of warrant turnovers. In a robustness test, the speculation spillover effect is strong, even when information or hedging is irrelevant.
We consider our new findings an additional piece added to the big puzzle on speculation behavior. Xiong and Yu (2010) demonstrate some extreme cases where warrants were traded at significantly high prices despite having true values closer to zero. We further show that China's warrants are traded very speculatively, and the frenzied speculation in the warrants market creates some side effects for stock traders. Our study tests whether the incremental part of the resale option value exists and examines if it is due to increased heterogeneity or market sentiment caused by warrant trading. The finding shows that speculation spillover is stronger when the underlying stock has a smaller asset float or when the market is filled with optimistic investors.
A distinguishing feature of our paper from past studies is that we highlight the potential mechanisms of speculation spillovers. Attention combined with a lack of knowledge about warrants may deteriorate speculation spillover. In our empirical analysis, various variables have been used to measure investor attention in the warrants market, including extreme price ranges, extreme trading volume, and news and headlines adopted by previous studies. This paper documents that warrant speculation could be spilled over more intensively to the underlying stock market when investors pay more attention to the warrants market.
Information revelation from warrant trading, if there is any, is very difficult to account for speculation spillover. Another potential candidate for the channel of speculation spillover is the need for hedging. Our evidence also suggests that hedging may play little role in speculation spillover in China. It is plausible that most investors in China's stock market are not sophisticated enough to understand the link between warrants and their underlying stocks.
By showing that limited attention can explain speculation spillovers, our paper highlights investor irrationality as a critical driver of assets market dynamics. Our findings encourage more discussion on the use of financial derivatives in the financial markets. In a developing market dominated by individual investors, a new financial instrument may not evolve as planned. It is not only the structure of the financial product but also the potential users that will decide its fate. Our study calls for the necessity of considering behavioral factors during the designing of derivatives. The 50 warrants are written on 41 firms. We collect the variables of the warrants characteristics and the warranted stocks information on a daily basis. In Panel A, stockcap is the A-share market capitalization calculated as the stock price multiplied by the total tradable shares. Turn stock is the trading volume divided by the total tradable shares. Volatility is defined in two ways: the first one is the standard deviation of stock returns for the life of warrants; the second is the daily price range defined as (the highest price-the lowest price)/the closing price. Shares outstanding is the number of outstanding A-shares in the stock market. Stock liquidity (liquidity) is measured by the bid-ask spread or Amihud-illiquidity measure. Stock bid-ask spread is the daily average of intraday percentage quoted spreads. Stock Amihud illiquidity is defined as the absolute daily stock return divided by the daily trading value in billions RMB. In Panel B, duration is the time left to maturity for warrants. (days/365). IPD is defined as log(warrant market price/warrant theoretical price), where the warrant theoretical price is calculated using the Black-Scholes model with the volatility as the standard deviation of stock returns in a 250-day trading period ending 10 days before the listing of a warrant (IPD BS ), or the option GARCH model in Duan (1995) 
(IPD GARCH
. PIN is the probability of informed trading. We estimate the PIN variable every month using the intraday data following the method developed by Easley, Hvidkjaer and O'Hara (2002) . Hedge ratio is derived from the Black-Scholes model and reports the absolute value. Mean, median, maximum, minimum, 25 th percentile, and 75 th percentile of the variables are reported. and Vol stock have been multiplied by 100. Unexpected Turn warrant is the residual of the regression where Turn warrant is regressed on the daily warrant bid-ask spread and the one-day lagged warrant turnover. IPD is defined as log(warrant market price/warrant theoretical price), where the warrant theoretical price is calculated using the Black-Scholes model with the volatility as the standard deviation of stock returns in a 250-day trading period ending 10 days before the listing of a warrant (IPD BS ), or the option GARCH model in Duan (1995) 
. Two measures of IPDs are adjusted by taking the residual in the auto regression with one-day lag and are denoted as Unexpected IPD BS and Unexpected IPD GARCH. . Covered dummy (covered) is set to be 1 if the stock has a covered warrant and 0 otherwise. Put dummy (put) is set to be 1 if the stock has a put warrant and 0 otherwise. Warrant duration (duration) is the time left to maturity for warrants (days/365). Stock market capitalization (stockcap) is the A-share market capitalization calculated as the stock price multiplied by the total tradable shares. Stock liquidity (liquidity) is measured by the bid-ask spread or Amihud-illiquidity measure. Here, the bid-ask spread is the daily average of intraday percentage-quoted spreads. Amihud-illiquidity is defined as the absolute daily stock return divided by the daily trading value in billions RMB. Market turnover (market turnover) is the total stock turnover of the market. Market volatility is the market median of stock volatilities. Industry dummies (industry) are included. The variables are in daily basis. T-statistics of coefficients are reported in parenthesis. 
